Surgery for upper gastrointestinal malignancy carries a high postoperative mortality and morbidity risk. The importance of preoperative physiological reserve and intraoperative events in determining clinical outcomes is recognised in the Physiological and Operative Severity Score for the enUmeration of Mortality and Morbidity (POSSUM) score that comprises variables relevant to both phases. Whether adding variables linked to ICU admission characteristics improves the predictive capacity of POSSUM is unclear, especially in an Australian/New Zealand healthcare context. This study aimed to evaluate the predictive capacity of the POSSUM score for 30-day mortality and in-hospital morbidity in 80 patients undergoing resection of oesophageal (28%), gastric (26%) or pancreatic (46%) malignancies and admitted to ICU. The 30-day mortality was 8.8% and 65% of patients developed some postoperative complication. Receiver operating characteristics generated an area under the curve (95% CI) to predict mortality by Portsmouth POSSUM of 0.87 (0.77 to 0.93) and morbidity by POSSUM of 0.67 (0.55 to 0.77). Multiple regression analysis including biochemical variables and vital signs on admission to ICU identified renal function parameters, fluid balance and need for cardiorespiratory support beyond the first postoperative day as independent factors associated with mortality and morbidity (in addition to the POSSUM score) but the inclusion of these variables in a logistic regression model did not significantly improve the predictive capacity for mortality (to area under the curve 0.93 [0.85 to 0.97]) or morbidity (to area under the curve 0.67 [0.55 to 0.78]). In conclusion, the POSSUM score provides clinically useful predictive capacity in patients undergoing surgery for upper gastrointestinal malignancies. The incorporation of ICU admission variables to the pre-and intraoperative POSSUM variables did not significantly enhance the precision.
The outcomes of patients admitted to the ICU following surgery for upper gastrointestinal malignancy are determined by a complex interplay of preoperative (e.g. impaired physiological organ function reserve), intraoperative (e.g. operative severity, blood loss) and postoperative (e.g. fluid balance, organ failure) factors. Quantifying the mortality and morbidity risk is an important aspect of perioperative care, including the opportunity to provide an enhanced level of perioperative support for particular high-risk patients.
The Physiological and Operative Severity Score for the enUmeration of Mortality and Morbidity (POSSUM) score 1 was originally introduced for surgical audit. The POSSUM score represents the sum of physiological points based on 12 parameters and operative points based on six parameters that are routinely available in all surgical patients. As a result of over-prediction of mortality by the original POSSUM algorithm, a more efficient derivative, the Portsmouth (P-POSSUM) score, was later described 2 . The P-POSSUM score has been evaluated in several surgical specialties 3 and different countries 4 and has also been compared to systems scoring the severity of disease and mortality risk in ICU 5 . Only a limited number of studies, however, have been performed in Australia/New Zealand to evaluate the performance of the POSSUM score in a local healthcare context [6] [7] [8] [9] and none specifically investigating patients undergoing high-risk surgery such as resection of oesophageal, gastric or pancreatic malignancies.
The aim of this study was to evaluate the POSSUM score and its association with postoperative mortality and morbidity in patients admitted to ICU following surgery for oesophageal, gastric or pancreatic cancer. We also wanted to investigate whether the addition of variables related to early interventions in the ICU to the POSSUM score could further improve its performance. The results of a retrospective audit using the POSSUM score could also be useful to identify events in the perioperative process that might warrant further attention or improvement and to guide the development of multidisciplinary processes for the management of these complex patients.
Materials and methods
All patients admitted to Liverpool ICU following elective upper gastrointestinal surgery for malignancy between January 2008 and December 2011 were enrolled in the study following approval by the South Western Sydney Local Health District Research and Ethics Office (Approval No.: LNR/14/LPOOL/443). The same team of senior surgeons performed all operations. Medical records, ICU charts and pathology results were retrospectively reviewed. Data for individual patients at different points in time were entered into the study database. These included all the 12 physiological variables captured preoperatively and the six operative variables captured intraoperatively to enable the calculation of the P-POSSUM and POSSUM scores. In addition, the highest and lowest variables obtained from admission to ICU until the end of the first postoperative day were entered into the database as related to renal function, electrolyte and fluid management (creatinine, urea, bicarbonate, sodium, potassium, chloride, fluid input [including blood products], urine output, fluid balance, pH), haematology (haemoglobin, platelet count, white cell count), liver function (international standardised ratio, bilirubin, albumin), respiratory (respiratory rate, oxygenation ratio, mechanical ventilator support) and cardiovascular (heart rate, mean arterial blood pressure, lactate, vasopressor/ inotropic support) function. The temperature and the Glasgow Coma Scale score were also entered along with the APACHE III score for the first 24 hours of ICU admission. The occurrence of postoperative complications as defined and listed in the original POSSUM algorithm 1 was reviewed from the medical records for the duration of the hospital stay. The mortality outcome was assessed as death within 30 days of surgery. The morbidity outcomes were assessed as the incidence of complications or the need for ICU support for more than one week ( Figure 1 ).
The mortality risk (R mort ) was calculated according to the P-POSSUM equation 2 In this text, P-POSSUM refers specifically to mortality and POSSUM to morbidity.
Statistical analyses
Descriptive statistics report means and SD or medians and the IQR, as appropriate for normally or non-normally distributed variables. Comparisons between survivors and non-survivors or patients with and without postoperative morbidity for variables obtained in ICU until the first postoperative day were made using unpaired Student's t-tests or the Mann-Whitney U test as appropriate. The goodness-of-fit between the predicted and the observed mortality (P-POSSUM) and morbidity (POSSUM) were evaluated by the Hosmer and Lemeshow test (P-values <0.05 indicate inaccurate fit) and by the Spearman nonparametric correlation (r) for calibration plots. Differences in rates between predicted and observed mortality and morbidity were analysed by the Fisher's exact test. The associations between variables differing between mortality and morbidity cohorts were further analysed in a stepwise multiple regression model (entered if P <0.1). The association with outcomes was assessed by receiver operating characteristics to generate an area under the curve (AUC), including its 95% CI and standard error (SE). These regression and outcome analyses were made without or with the POSSUM score to separately analyse the potential benefit of adding ICU data. All statistical analyses were performed using MedCalc version 12.3 (MedCalc Software, Ostend, Belgium).
Results
Eighty-two patients were initially identified for the study but two were excluded from further analyses since unresectable tumour was found intraoperatively. Forty patients (49%) had primary cancer only. The study cohort characteristics are given in Table 1 .
Patients received, on average, 2.7 (2.3 to 2.9) l crystalloids, 0.6 (0.5 to 0.8) l colloids, 1.5 (0.9 to 2.0) units packed red blood cells and 1 (0.2 to 2.0) unit fresh frozen plasma intraoperatively. A vasopressor infusion was used in 64% of patients and cardiac output monitoring (FloTrac/ Vigileo, Edwards Lifesciences Pty Ltd, Sydney, New South Wales) was used in 18% of patients intraoperatively. A thoracic epidural catheter was inserted in 28% of patients for postoperative analgesia.
Biochemical variables and vital signs between admission to ICU and the first postoperative day are summarised in Table 2 , split by mortality and morbidity status.
Positive pressure ventilation (invasive or non-invasive) and infusion of vasopressor/inotropic drugs was still used on postoperative day one in 44% and 41% of patients, respectively. A negative fluid balance was achieved in 19% of patients on the first postoperative day. Patients stayed in ICU for an average of 5.3 (4.3 to 6.2) days.
The 30-day mortality was 8.8% (seven patients) and 65% of patients (52) developed some postoperative complication(s). The preoperative POSSUM score was higher in non-survivors, whereas the intraoperative POSSUM score was not different between survivors and non-survivors, similar to Acute Physiology and Chronic Health Evaluation (APACHE) III ( Table  2 ). The preoperative POSSUM, the intraoperative POSSUM and the APACHE III scores were not different between patients without complications compared to patients with complications. The P-POSSUM score generated an estimate of mortality at 10.6% that was not different from the actual with x 2 =9.31, d.f.=7, P=0.24 by the Hosmer and Lemeshow test. The POSSUM score generated an estimated morbidity of 53.4% that was not different from the observed morbidity rate with x 2 =9.60, d.f.=7, P=0.22 by the Hosmer and Lemeshow test. The calibration plot for predicted versus observed mortality demonstrated a correlation of r=0.81 (P=0.003) while the correlation for morbidity was not significant (r=0.28, P=0.43) (Figure 2 , left hand graphs). The AUCs (95% CI) of P-POSSUM for mortality and POSSUM for morbidity were 0.87 (0.77 to 0.93, P <0.001) and 0.67 (0.55 to 0.77, P=0.02), respectively (Figure 2 , right hand graphs). The multiple regression analyses included all variables with P <0.10 listed in Table 2 as well as the presence or absence of ventilator and/or vasopressor support. Multiple regression analysis for mortality using ICU variables identified highest potassium, highest creatinine, fluid balance and ventilator support as being independent variables associated with 30-day mortality (r 2 =0.32, P <0.001) and both highest creatinine and fluid balance remained when the P-POSSUM score was added (r 2 =0.42, P <0.001). Only highest creatinine was retained in addition to the P-POSSUM score in the logistic regression that generated a predictive model that correctly identified 91% of cases with an AUC (95% CI) of 0.93 (0.85 to 0.97, P <0.001) ( Table 3) . No significant increase of the AUC (SE) was achieved by adding ICU variables to the P-POSSUM score (0.93 [0.04] versus 0.87 [0.06], P=0.50).
Multiple regression analysis for morbidity identified highest creatinine, highest urea, fluid balance and vasopressor use as ICU variables independently associated with morbidity (r 2 =0.33, P=0.04) that remained when the POSSUM score was added (r 2 =0.45, P=0.03). Only the POSSUM score was retained in the logistic regression model that generated a predictive model which correctly identified 67% of cases with an AUC (95% CI) of 0.67 (0.55 to 0.78). No significant increase of the AUC (SE) was achieved by adding ICU variables to the POSSUM score (0.67 [0.06] versus 0.67 [0.07], P=0.93). When ICU stay beyond one week was used as the outcome variable in the multiple regression analysis, the lowest haemoglobin (P=0.02) and the lowest bicarbonate (P=0.004) on admission as well as continued need for vasopressor (P=0.04) and ventilatory support (P <0.001) on postoperative day 1 were identified as independent variables, while the POSSUM score was not (P >0.11 
Discussion
This study demonstrated that P-POSSUM performed well to predict 30-day mortality in patients undergoing surgery for upper gastrointestinal malignancies. The ability of POSSUM to predict in-hospital morbidity was acceptable but demonstrated an inferior overall sensitivity and specificity. The addition of variables available early upon admission to ICU did not significantly improve the precision of the POSSUM scoring system to predict mortality and morbidity outcomes.
In a report from Auckland, the P-POSSUM score adequately predicted mortality following major colorectal surgery with the receiver operating characteristic generating an AUC of 0.79 9 . This was superior to the AUC of 0.68 reported for the P-POSSUM prediction of mortality in patients admitted to ICU following mainly general, vascular and ear, nose and throat/ plastics surgical procedures 6 . The present study showed a better performance of P-POSSUM in patients admitted following surgery for upper gastrointestinal malignancies with an AUC of 0.87. Differences in reporting of data preclude direct comparisons of the three patient cohorts but it would appear that the P-POSSUM score represents a valid tool for mortality prediction in an Australian/New Zealand surgical healthcare context. While the predicted and observed number of patients who developed any postoperative morbidity correlated well, the receiver operating characteristic suggested moderate predictive capacity for POSSUM with an AUC of 0.67. The inferior precision of the POSSUM score to predict morbidity compared to its derivates for mortality has been reported previously, including the original publication 1 , while the ratio of expected versus observed cases might still remain useful 3 . Previous reports on the application of P-POSSUM and POSSUM specifically to patients with oesophagogastric cancer have yielded similar predictive capacity to this study. In the prospective Anglo-Scandinavian Cardiac Outcomes Trial study comprising 773 patients, the AUC for mortality was 0.79 with an AUC for morbidity of 0.77 10 . In a smaller cohort of 121 patients 11 , the AUC for morbidity was 0.64 (95% CI 0.54 to 0.74) and it was specifically noted that morbidity was overestimated in the higher risk deciles, similar to this study. A recent systematic review on predictive models of outcomes following oesophagectomy concluded that P-POSSUM demonstrated the best discrimination for predicting mortality, while the clinical utility for predicting morbidity could not be endorsed 12 . Studies evaluating POSSUM scoring for pancreatic surgery have generated conflicting results. A study of 241 consecutive patients reported that both mortality and morbidity was significantly underestimated by P-POSSUM 13 . An even larger study on 694 patients focusing on morbidity reported an AUC of 0.64 by POSSUM with significant overestimation of actual risk 14 , in line with the results of this study. In contrast, accurate prediction by POSSUM of morbidity following pancreatic resection has also been reported with an observed to expected morbidity ratio of 0.96 in 326 patients 15 and 0.91 in 265 patients 16 .
An important feature of the POSSUM score is the incorporation of physiological, as well as operative, variables. Previous retrospective reports from Australia/New Zealand have commented on the risk for incomplete data inherent to collection over an extended perioperative time period with missing data present in 30% to 40% of cases 7, 9 . Complete data were available for all patients in this study, similar to a previous audit of surgical ICU outcomes 6 , but the relative complexity of collecting data might impair the widespread uptake of the POSSUM scoring system.
This study aimed to explore the utility of adding available variables early following ICU admission to extend and enhance the predictive capacity of the POSSUM score. The vast majority of the studied variables are already collected as part of well established ICU specific scoring systems of severity of disease and associated mortality, e.g. APACHE II 17 and SAPS II 18 . The ICU variables would tentatively demonstrate the impact of early postoperative management (e.g. correction of acidosis, optimising fluid balance, ability to wean vasopressor/ ventilatory support) on patient outcomes. The addition of ICU variables would also establish a continuum of pre-, intra-and postoperative data that might improve the precision of the POSSUM scoring system and extend its applicability for audit to the complete perioperative provision of care.
Few variables, however, demonstrated an independent association with mortality and morbidity, except renal function, fluid balance and the institution of cardiorespiratory support. It could be argued that this lack of association with biochemical and vital variables was the consequence of few severely abnormal values. Furthermore, any predictive capacity could have been enhanced by an exponential weighing of deviations outside the normal range, similar to the POSSUM score, as opposed to using the absolute values.
The predictive performance for mortality or morbidity outcomes was not significantly improved in the subsequent logistic regression analysis by adding ICU variables. The results suggest that pre-and intraoperative factors were far more important in determining the postoperative outcomes than ICU admission variables. If prolonged ICU admission (i.e. longer than one week) was used to represent morbidity in the sense that extended organ support was needed, the association found with vasopressor and ventilator support would be expected. Interestingly, the POSSUM score did not emerge as an independent variable with this outcome, suggesting that the length of ICU stay might not be directly associated with pre-and intraoperative events.
A previous study evaluating APACHE II, SAPS II and P-POSSUM to predict mortality following resection of colorectal carcinoma reported similar AUCs for SAPS II and P-POSSUM (0.83 to 0.85) while APACHE II performed worse (0.79) 5 . These results are in line with the present study demonstrating no further discriminatory capacity for P-POSSUM by the addition of ICU admission variables in isolation or as the aggregate APACHE III score.
While this study was based on a relatively large and complete dataset, some limitations should be noted. The low event rate of deaths might have restricted the predictive power of the P-POSSUM. The single-centre, retrospective design, including the same surgical team, might have limited variability of outcomes and thus facilitated the prediction of mortality and morbidity. Notwithstanding these considerations, the evaluations of P-POSSUM as well as POSSUM scoring were aligned with previous reports of major abdominal surgery outcomes in Australia/New Zealand and international oesophagogastric and pancreatic surgery results.
Conclusion
P-POSSUM scores demonstrated clinical utility to predict mortality following surgery for upper gastrointestinal malignancies, whereas POSSUM scores were less precise in predicting morbidity. The addition of ICU admission data did not improve the predictive capacity. The POSSUM scoring system seems appropriate to be used for audit, quality reporting and improvement by surgical, anaesthetic and intensive care teams involved in the management of these complex patients.
